We investigated the rate of polyethylene wear of a cementless acetabular component at different periods of follow-up in order to test the hypothesis than an irrecoverable deformation process (creep) was followed by an initially low, but gradually increasing wear rate. We studied prospectively 93 uncemented total hip arthroplasties in 83 patients (mean age 50 years (22 to 63)) with a mean follow-up of 8.2 years (3 to 12). We measured the penetration of the femoral head from radiographs taken immediately after surgery at three, six and nine years, or at the latest follow-up.
We investigated the rate of polyethylene wear of a cementless acetabular component at different periods of follow-up in order to test the hypothesis than an irrecoverable deformation process (creep) was followed by an initially low, but gradually increasing wear rate. We studied prospectively 93 uncemented total hip arthroplasties in 83 patients (mean age 50 years (22 to 63)) with a mean follow-up of 8.2 years (3 to 12). We measured the penetration of the femoral head from radiographs taken immediately after surgery at three, six and nine years, or at the latest follow-up.
The median wear rate was 0.17 mm per year in the first three years, a finding which we considered to be caused by creep. Thereafter, the rate of wear declined to 0.07 mm per year (four-to six-year period) and then increased to 0.17 mm per year (seven to nine years) and 0.27 mm per year (more than nine years), which we considered to be a reflection of genuine polyethylene wear. After the nine-year follow-up the wear rates were higher in patients with marked osteolysis. We found no relationship between the inclination angle of the acetabular component or femoral head orientation and the rate of wear. No acetabular component required revision.
In the early years of total hip arthroplasty (THA), component loosening was considered to be the main cause of failure 1 while now, polyethylene wear leading to osteolysis is regarded as the main issue. 2 The survival of prostheses depends on factors which influence the rate of polyethylene wear. 3 The effect of implantation time on the rate of wear has been investigated by several authors, albeit with different results. [4] [5] [6] [7] [8] Deformation of polyethylene (creep) can occur after THA, so our aim was to test the hypothesis that polyethylene creep in the first years after implantation is followed by an initially low but increasing, genuine polyethylene wear.
Patients and Methods
Between 1992 and 1996, we implanted 122 primary uncemented THAs in 109 patients. Bilateral operations were undertaken in 13 of these patients. During the follow-up period 14 patients died from unrelated causes, and ten were lost to follow-up. In addition, one femoral stem had subsided for more than 2.5 cm because of fissuring of the calcar, and another developed early deep infection; both underwent early revision. A total of 29 THAs (26 patients) was excluded, leaving 93 THAs (83 patients) with adequate clinical and radiographic follow-up (Table I) .
During this time period, a Mallory (Biomet, Warsaw, Indiana) acetabular shell was used. This was multi-holed until 1994 and threeholed thereafter (44% vs 56% of THAs, respectively). It is hemispherical, with a titanium porous coating and has four peripheral fins providing rotational stability. A Ringloc (Biomet) compression-moulded ultra-high-molecular-weight polyethylene (UHMWPE) liner was used. In all patients, a Bi-Metric (Biomet) titanium alloy, proximally hydroxyapatitecoated femoral component, with a cobaltchrome, 28-mm femoral head (Biomet) was also used. Additional acetabular screws were used in nine hips. Systemic, prophylactic antibiotics (cefazolin 2 g intravenously) and pharmacological thromboprophylaxis were used, initially fraxiparine 2850 IU subcutaneously followed by acenocoumarol up to three months post-operatively.
Patients with a minimum follow-up of three years were included in this study and were clinically evaluated pre-operatively and then postoperatively at six weeks, three and six months, at one year and annually thereafter. The Harris hip score 9 (HHS) was monitored at each visit.
Radiographic analysis. We evaluated the pelvic anteroposterior (AP) and lateral hip radiographs which had been taken immediately post-operatively, and at three, six and nine years and the latest follow-up. The inclination angle of the acetabular component was measured as the angle between a horizontal line drawn through the interteardrop line and the inferior edge of the component. 10 The height of the centre of the femoral head for both operated and non-operated sides was measured perpendicular to this interteardrop line. The horizontal position of the centre of the femoral head was measured perpendicular to the interteardrop line from the inferior point of the teardrop. 11 Linear femoral head penetration and direction were measured according to the method described by Livermore, Ilstrup and Morrey 12 on AP radiographs. A pair of compasses was used to establish the shortest distance from the centre of the femoral head to the edge of the acetabular component. Distances were measured to the nearest 0.1 mm using calipers, so that a wear of ≥ 0.1 mm was measurable. A wear rate of ≥ 0.2 mm per year was considered to be excessive. 13 Volumetric wear was calculated by the formula v = π r 2 w, where v is the change in volume of the bearing, r the radius of the femoral head and w the linear polyethylene wear measured. On all radiographs, the magnification was based on the size of the femoral head so that all measurements were individually corrected. Osteolysis was estimated in the three regions of the acetabular interface described by DeLee and Charnley 14 and the proximal regions of the femur according to Gruen, McNiece and Amstutz. 15 The presence of osteolysis on each radiograph was recorded before any measurements were taken, eliminating any observer bias.
All radiographic evaluations were undertaken by one independent observer (JHMG). Statistical analysis was performed using the SPSS statistical package (SPSS 11.0, Chicago, Illinois). The Wilcoxon signed rank test, MannWhitney U test, ANOVA test and linear regression were used. Significance was assumed when p < 0.05.
Results
The mean length of follow-up was 8.2 years (3 to 12) and the mean age at operation was 50 years (22 to 63). The mean pre-operative HHS of 55 (12 to 79) improved to 97 (44 to 100) by the latest follow-up of which the median pain subscore improved from 15 (10 to 30) to 43 (30 to 44).
The polyethylene wear of the femoral head, centre and acetabular positions are listed in Tables II and III . The median direction of penetration of the femoral head (according to Livermore et al 12 ) during follow-up was 0( from 20˚ laterally to 40˚ medially). Compared with the contralateral side, the centre of the head on the operated side was equally positioned vertically (p = 0.110) and horizontally (p = 0.209). There was no correlation between the horizontal and vertical orientation of the centre of the head and the rate and direction of the polyethylene wear.
The inclination angle of the acetabular components was divided into three groups according to Sarmiento et al: 16 < 35˚, 35˚ to 55˚ and > 55˚. Sixty-eight (73%) of the cups were positioned between 35˚ and 55˚ and no difference in the rate and direction of polyethylene wear could be estab- Table III . The rate seen at four to six years was significantly lower (p = 0.041) than after nine years of follow-up. Excessive polyethylene wear ( ≥ 0.20 mm per year) was seen in 45% of all THAs and in 70% of those followed up beyond nine years. Table IV lists the median individual differences in linear and volumetric polyethylene wear for the different follow-up periods. There was a statistically significant, higher wear rate after nine years than at the other follow-up periods. Osteolysis was seen in 18 THAs (19%) at a mean follow-up of 8.2 years. According to the zones of DeLee and Charnley, 14 11 THAs had osteolysis in zone I, three in zone II, three in zone III and one in all zones. No relationship was found with acetabular shell design or screw usage. Those THAs with a follow-up of > 9 years in which osteolysis was seen had significantly higher median wear rates after nine years than the THAs without observable osteolysis (0.66 mm per year 0 to 1.60) vs 0.27 mm per year (0 to 2.11) (p = 0.029). No relationship was found between the rate of polyethylene wear and the other parameters of acetabular shell diameter, design or screw usage, polyethylene thickness, body mass index, gender, or femoral head material. Four prostheses dislocated, three in the first post-operative year and one in the eighth. No component required a revision. The survival of the acetabular components was 100% (95% confidence interval (CI) 100). In a standard scenario, if all 29 THAs maintained their status before being lost to follow-up, the survival rate was 100% (95% CI 100), but in a worst case scenario (if all 29 THAs failed), this was reduced to 75% (95% CI 74 to 76).
Discussion
A few studies, each with different results, have reported on the rate of polyethylene wear and its relationship with time after implantation for air-sterilised, polyethylene acetabular liners. [4] [5] [6] [7] [8] Kurtz et al 8 observed a progression of mechanical degradation with increasing implantation time in 16 air-sterilised polyethylene retrievals after a mean of 11.5 years. There was a statistically significant relationship with the oxidation index. The authors suggested that dissolved oxygen from body fluids diffused into the polyethylene component and reacted with residual free radicals from gamma sterilisation, a process probably comparable with shelf aging. The highest rates of mechanical degradation were recorded in the surface region of the polyethylene. In our study, the rate of wear increased significantly after nine years. Typical, although not statistically significant, was the relative reduction in wear at four to six years post-operatively in our study (p = 0.171). Other radiographic wear studies have suggested that the rate of wear decreases with implantation time. [4] [5] [6] Isaac et al 6 attributed their results to a rapid, irrecoverable deformation process (creep) followed by a steady, lower penetration rate associated with wear. We saw a similar transition in our study, but the rate of wear increased significantly after nine years.
This creep-to-steady state transition was not supported by Gomez-Barrena et al. 7 Puolakka et al 13 observed an excessive wear rate (≥ 0.20mm per year) in 42% of their cases after a six-year follow-up, similar to our study. In 70% of our THAs with a follow-up beyond nine years the rate of wear was excessive, with a wide range of up to 2.11 mm per year. Our findings suggest that the rate of wear of the acetabular components is acceptable for the first nine post-operative years and excessive after that, with an unexplained wide range.
Hirakawa et al 11 reported a higher inclination angle for those acetabular components which needed revision and a high correlation with the direction of polyethylene wear. Del Schutte et al 17 failed to demonstrate any such correlation, a finding which is supported by the results of our study.
Schmalzried et al 18 observed a statistically significant relationship between polyethylene wear and the centre of rotation. Hirakawa et al 11 established a significant relationship between horizontal orientation of the centre of the head and the direction of polyethylene wear. Those acetabular components which showed laterally-directed wear were more medialised than those with medially-directed wear. However, we found no relationship between the rate of wear and either the vertical or horizontal orientation of the femoral head.
In support of work by Bono, Sanford and Toussaint, 19 we showed higher rates of wear in patients with osteolysis beyond nine years of follow-up. Maloney et al 20 reported 21 found no direct correlation between the presence of screw holes or screws and the incidence of pelvic osteolysis, a finding which is supported by our results. The acetabular components which we used have a locking mechanism which might offer better rotational stability and minimise backside polyethylene wear and osteolysis. 22 Metal-backed acetabular components were introduced because of findings which suggested that a more efficient stress transfer might delay loosening and migration. 23 However, clinical studies observed the opposite and identified a 37% higher rate of wear for cemented metal-backed acetabular components than for non-metal-backed components in cemented THA. 24 Many studies into the wear of uncemented metal-backed acetabular components and 28-mm femoral heads have been performed and have shown a polyethylene wear rate between 0.11 and 0.30 mm per year. 13, [24] [25] [26] [27] [28] These results are comparable with our own. We also agree with Yamamoto et al 29 who found no relationship between polyethylene wear, polyethylene thickness, and age at operation after a mean follow-up of six years in 45 acetabular components with the same design of insert as used by ourselves.
In the mid-1990s sterilisation methods changed from gamma irradiation in air to, predominantly, irradiation in either an inert gas or vacuum packaging. Mechanical in vivo degradation after implantation, which is based on an oxidative mechanism, is higher in air gamma-sterilised than in argon gamma-sterilised polyethylene acetabular components. 30 Highly cross-linked polyethylene shows an 80% to 90% wear reduction in hip simulator testing 31 and a 31% reduction in a bilateral study of 32 patients after a mean followup of two years. 32 We expect in future that better polyethylene quality will decrease the rate of wear and the prevalence of periprosthetic osteolysis in the mid to long term.
Other bearing materials, such as metal-on-metal or ceramic-on-ceramic, show significantly less third-body wear and periprosthetic tissue reaction than metal-on-polyethylene designs. Some authors have, therefore, concluded that second-generation all-metal implants should be considered in patients with a long life expectancy. [33] [34] [35] Ceramics are hard and strong, highly resistant to chemical and mechanical dissolution, but also brittle. 36 Hard-on-hard couples of metal-on-metal and ceramic-on-ceramic reduce wear to 0.001 mm per year 37 but can lead to high-impact loading of the acetabulum, leading to stress shielding and fractures of the periprosthetic bone.
In conclusion, penetration rates of the femoral head into the polyethylene liner of the acetabular component are variable. Typically, there is a temporary reduction four to six years after implantation which can be explained by the transition from the deformation (creep) phase to a genuine polyethylene wear thereafter. A significant, increased rate of polyethylene wear can be seen after nine years of implantation, created by a mechanical degradation of the polyethylene surface. It is this category of patient which should be closely monitored for the rate of linear wear, osteolysis and loosening of the acetabular component.
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